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High speed single partlcle stizing by light scatterins in a flow system
5. C. Salzman, R. D. Hietert and J. H. Jet:
Los Alamos Sclentifls laboracory, Mail Stop 6838, Los Alamos, MM 273435

M. Bartholdl
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Darartment ~I Moleculap ols-y, Nzawtinzen, Yesn avnmans
Abstract

We rrasenv two approaches to rapid, single particle sizing for particles in <he 1 to
22 um d4lameter range. One method measures multiangie scattered light over a pclar angular
range ¢’ nearly 360 degrees, A second method !5 based on the analysis of the pulse shapes
from small angle f>rward scattered light. In both cases the particles Iln liquid suspensicn
are made to pass oir® at a time through a focused laser beam for analysis.

Introduction

Llght scattering has been-used for many years to size distributions of particles in
cuvettez. JMore recently, instruments have been develcred in which individual particles ln
the dlameter range from 1 to 20 um pass in single file through a focused laser beam. The
lizht scattered By a particle is then ineasured in several ways to determine its size. Some
of these tools have evolved from a biomedical research area named Flow Cytometry, which
describes measurements on biological cells in flow. Light scattering has played a
siznificant role in the sizing of biological cells.'

Here we focus on two technigques fcr measuring the sizes of indlvidual particles. The
first is a flcw photometer based on an idea by Gucker and Tuma.? The system’»* is capable
of sampling 60 points in the 3cattered light pattern of a particle as i: passes through a
focused laser beam, The second is an electronic pulse shape analvsis module for use wlth
any flow photometer having a focused laser beam width comparable to cr smaller than the
carticle? of interest.

The 350 degree licht scatter flow chotcmeter

Figure 1 shows a schematic drawlng or the 260 degree flow photcmeter. The 483 n:m wave-
length laser beam with vertical polarization intersects the stream of partlcles at one {ccus
-8 1n elllpsoidal reflector. Light scattered in the vertical plane over the gfolar angular
ranze from apprcximately U4 degreas to 175 degrec3 and from 185 degrces to 356 dagrees s
reflected {rom the elllpscidal mirror toward a multlelement detectsr array. This 2 cm
dismeter circular array ccnsists of 60 siliccn PIN photodiodes in cnip form, mounted cn a
ceramic substrate., Each element subtends a polar angular range ol 2.3 dagrzes, The siznal
from eazh da2tactor 13 preamplified by a hybrid circuit mounted close to the array. A
selected supset of 32 of the signals is logarithmically amplified, digitczed and stcred on a
computer diak at rates up to 1000 particles/sec.?s®

To test the ability of this photcmeter to dlycr'minLte among different size particles, we
analyzed a mixture of polystyrene latex microspneres ~ith mean dlameters 1.1, 5.2, 10.0,
15.6 and 19.5 um. The volume coefficients of variation were less than 3%. Figure 2 shows
the frequency distributicns of the scattered light intensities for the first eight deteztors
in the lcwer half gslane. The cordirate 13 the number of zarticles and the abscissa indicates
3 da2cades of l:garitami: scattered .ight intensity. Table L Zives =he ralatlzonzhip betizen
detectcr number and d=tectc: angle and also indicates which particle sizes are resolved at
2ach detector, At detectecrs . tnrough U anlv the 1.1 um and 5.0 um diameter rarticles are
cn scale. At deteaszcr J the 4 larger sizes are regsolved and the 1.1 um dlameter particies
are turied in signals frcom noice and debris.

2ar«icle sizing ty pulam shace aralvsis

The shape ¢f th2 detected scattered light signal as 3 partl:le passes through 2 focused
laser S2am can bYe used to measure the particle dimensicon raraiZei to tne detacnuion of

Figure ? showe some >f :the measur=ments which can be =ade on this waveform., We focus
atsentisn en o2nly twe of these in this rerort. CFRT(Fl-FZ) {s the ccnatarc Jractlon rise-

-

time af the leading 24dge of the pulse petween fixed fractions F1 and 72 of zh=2 pulae nelght
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Filgure 1. Schematie drawing of the 360 degree fliow photcmeter.
The section of ellipsoidal reflector is enclosed in a fluid-
filled chamber with a quartz window facing the detector array.
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Flgure 2. Trrequency dlatributlons of the scattered 1lght
‘ntensizles for latex microcspheres for the firss 8 letecteor
elements in the forward direction., The ordinate 3hows number
of particles and the abscissa shows 3 decades ol lcgarithmic
scattered light intensi:y.
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Figure 3, Hypothetical pulae from a detector shcwing
several types of pulse shape measurements. CFRT and

CFPW are constant fraction risecime and pulse wid: ,

respectively.

PH. CFPW(F1l) 1s the constant fraction pulse width at fraction 71 of the piulse height PH.

To measure “hese two particle parameters we uced an enclosed floWw chamber wWith plane
windows in whizh 1t 13 pos&ible to directly measur» forward llght scattar In the hori:zoncal
plane at a polar angle of 0.38 + or = 0.05 degrees using a 1 mm square photodiode datectcr.
The 487 nm laser team polarization was versical with a walst of 10.5 um perpendicular to
the flow direction., As test particles we usod the same polystyrene latax particles as
those described above, Pigures 4 and 5 show the data for c¢onstant fraction risetime rrom
10% to 90% of the pulse height, CFAT(10-90), and ccnstant fraction zulse width at 10% of
tihe pulse helght, ~PPW(1)), respectively. The curves in Figures 4 and € are from a
theoretical model consaining no r'ree parameters. In each case the curve:. were normailzed
to the data at 5.0 um by a factor depsndent only on amplifier gain and flow velocity. For
the limiting case where the particles are much wider than the beam, which 13 nct quice
achleved here, the constant fraction rise<ime and pulise width are diprec:ly rrcportional to
particle width in the direction of {low. Dletalls of the tl2:0ry as well as the desizr of an
electronic module to measura these parameters are given 2lsewhere.’

We have presented two apnroaches £o the measurement of par<izle size distridhuticns by
the detection of light gcattered from single particles in a flow paotemerer., In the rirse
aystem, the scattered light was detecced at multiple angles so that acattering angies soull
ba found where ~artlcles with 2 broad range of sizes could be resolved. In the sezcnd
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Figure 4. Compariscn between theory and experimen:

fcr constant fraction risetime measurements between
10% and 90% of the pulse height. The full width of
the beam at the e-2 intensity points is 1C.5 um.
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Figure 5. Measurements of cnnstant fraction pulse

width at the 0% fraction 92f the pulse height. Beanm
width 13 the same as in Figure 1. The theoretical
curves in Filgures 4 and 5 were normalized to the dasa
at the 5 ym diameter point.

3rp.soach the shape cf -he detected forward scastered light pulse created as the par<izie
passed Shrough the beam was used for size analysis. Tlow system 2app:iroachez to parsicle
slze analysis present an opportunity to obtain .apidly a l.rge amount of information abcut
each particle.
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